We examined whether African American students differentially responded to dimensions of the observed classroom-learning environment compared with non-African American students. Further, we examined whether these dimensions of the classroom mediated treatment effects of a preschool mathematics intervention targeted at students from low-income families. Three observed dimensions of the classroom (teacher expectations and developmental appropriateness; teacher confidence and enthusiasm; and support for mathematical discourse) were evaluated in a sample of 1,238 preschool students in 101 classrooms. Using multigroup multilevel mediation where African American students were compared with non-African American students, we found that teachers in the intervention condition had higher ratings on the observed dimensions of the classroom compared with teachers in the control condition. Further, ratings on teacher expectations and developmental appropriateness had larger associations with the achievement of African American students than for non-African Americans. Findings suggest that students within the same classroom may react differently to that learning environment and that classroom learning environments could be structured in ways that are beneficial for students who need the most support.
Council of Teachers of Mathematics (NCTM), 2000; National Mathematics Advisory Panel, 2008; National Research Council, 2009) .
The most critical feature of a high-quality educational environment is a knowledgeable and responsive adult (Darling-Hammond, 1997; Ferguson, 1991; National Research Council, 2009; Sarama, & DiBiase, 2004; Schoen, Cebulla, Finn, & Fi, 2003) . This may be especially true for classroom-based interventions targeted at closing racial achievement gaps, as certain instructional practices may be more important for some racial/ethnic groups than others (e.g., Bodovski & Farkas, 2007; Sonnenschein & Galindo, 2015; Wenglinsky, 2004) . However, understanding which specific elements of the classroom, and whether students within the same classroom respond differently to the same classroom practices, has been largely unexplored. This is an important endeavor as promoting the achievement for marginalized groups, notably African American children, remains scarce (Stinson, 2006) .
Data for this study come from a randomized control trial of an intervention that was shown to have a larger effect-almost double in magnitude-on the average mathematics achievement of African American students than of non-African American students (Clements, Sarama, Spitler, Lange, & Wolfe, 2011) . Analyses suggest that classroom quality-measured broadly-mediated this effect (Clements et al., 2011) . However, it is unknown what specific processes within the classroom led to this larger treatment effect. The goal of the current paper is to explore whether specific classroom practices could explain why African American students, on average, fared better than non-African American students at the end of the intervention. The results of our analyses have broader implications for designing classroom-learning environments to support the learning of marginalized students.
Inequality in Early Learning Experiences
Children with low early academic achievement and those who encounter early learning problems face continuing negative consequences that accumulate over time (Alexander, Entwisle, & Horsey, 1997; Brooks-Gunn & Duncan, 1997; Duncan, BrooksGunn, & Klebanov, 1994; Fryer & Levitt, 2006; Huston & Bentley, 2010) . This is particularly salient for low-income, minority children who typically begin school with fewer academic skills than their middle-to high-income peers (Duncan & Magnuson, 2005; Lee & Burkam, 2002; Loeb & Bassok, 2008; Reardon & Robinson, 2008) . Differences between the educational experiences of low-income and high-income students have been well documented in the literature (Aikens & Barbarin, 2008; Kozol, 1991; Oakes, 1990) . However, racial/ethnic differences in students' access to high quality learning environments still exist even when socioeconomic factors are controlled (Lubienski, 2002; Oakes, 1990) . In general, race and socioeconomic status are highly correlated, making the study of the unique contributions of race and socioeconomic status difficult to untangle.
Even when minority students have access to the same schools and classroom environments, inequalities exist in how students of different minority groups experience the classroom environment. For example, teachers have been shown to have differential expectations for students of different racial/ethnic groups even when the previous achievement of these students was equivalent (McKown & Weinstein, 2008) . Further, when looking within the same functional learning environment, the effects that certain instructional practices have on students have been found to differ according to racial/ethnic group. For example, African Americans on average, compared with students of other races/ethnicities, have been found to differentially benefit from certain instructional practices such as collaborative problem solving (Lubienski, 2006) , an emphasis on specific mathematics content (Bodovski & Farkas, 2007; Sonnenschein & Galindo, 2015; Wenglinsky, 2004) , and more opportunities to learn higher-level mathematics such as reasoning and problem solving (Battey, 2013; Bodovski & Farkas, 2007; Boaler, 1998; Ladson-Billings, 1997; Lubienski, 2002; Silver & Stein, 1996) .
Unfortunately, we still lack a thorough understanding of why African American students may differentially benefit from certain instructional practices compared with students from other racial/ethnic groups. Some scholars suggest that African American students are oriented toward different learning styles (Berry, 2003; Ladson-Billings, 1997) and that these different styles of learning should be considered during teaching. García Coll and colleagues (1996) proposed an integrative model for studying child development and suggested that elements such as the learning environment and culture influence students' psychological experiences. Even when children are in the same environment, their interpretations of certain aspects of the environment may vary according the child's previous cultural experiences, values, and goals. Differences in students' classroom perceptions have been observed in empirical work that has shown that African American students' attitudes toward learning may differ from those of White students (Lubienski, 2002; Strutchens & Silver, 2000) . This broad theory proposed by García Coll and colleagues (1996) outlines possible mechanisms for understanding the experiences of minority students, but no theory to date specifically addresses students' differential responsiveness to classroom practices.
Dimensions of the Classroom Learning Environment
Early childhood environments have been described along a variety of dimensions (see Stipek & Byler, 2004 for a review), such as teacher-student interactions (Abbott-Shim, Lambert, & McCarty, 2000; Harms, Clifford, & Cryer, 1998; Pianta & Hamre, 2009; Stipek & Byler, 2004; NICHD ECCRN, 1996) , quality of instruction (Abbott-Shim, Lambert, & McCarty, 2000; Pianta & Hamre, 2009) , types of activities done in the classroom (Harms et al., 1998) , behavior management (AbbottShim, Lambert, & McCarty, 2000; Pianta & Hamre, 2009; Stipek & Byler, 2004) , and others. Empirically, observational measures are typically used to examine associations between these dimensions and children's developmental outcomes (e.g., Bryant, Burchinal, Lau, & Sparling, 1994; Peisner-Feinberg & Burchinal, 1997) . In the present study, we described the classroom environment as (a) teachers' expectations and the developmental appropriateness of their instruction (developmental appropriateness as operationalized by the expectations teachers have of what preschool students are capable of learning), (b) teachers' confidence and enthusiasm in their teaching, and (c) teachers' support for mathematical discourse.
Teacher Expectations
The expectations teachers have of their students may have an effect on students' learning (e.g., Brophy, 1986; Gill & Reynolds, 1999; Rosenthal & Jacobson, 1968) and are related to high quality and equitable instruction (Askew, Brown, Rhodes, Wiliam, & Johnson, 1997; Clarke, Frazer, DiMartino, Fisher, & Smith, 2003; Clements & Sarama, 2007 , 2008 NCTM, 2000) . These expectations influence whether teachers decide to provide or constrain the opportunities they give their students (Brophy & Good, 1970) . For example, a teacher who has high expectations for a student may give that student more opportunities to answer questions during class or further press the student to explain their thinking. In contrast, a teacher who has low expectations for a student may not give that student enough time to respond to a question or may not even call on that student in the first place, thereby making the student miss a key learning opportunity. Many teachers hold low expectations for students whom they believe have low ability or achievement (Brophy & Good, 1970) , and these low expectations are often related to the ethnicity of the student (Dusek & Joseph, 1983; Jussim, Eccles, & Madon, 1996; Madon, Jussim, Keiper, Eccles, Smith, & Palumbo, 1998; McKown & Weinstein, 2008) . Indeed, teachers who hold particularly low academic expectations for African American students spend more time on behavioral corrections than content instruction (Gill & Reynolds, 1999; Jussim, 1989; Jussim et al., 1996; Kuklinski & Weinstein, 2001; Madon et al., 1998; Raudenbush, 1984; Steele, 1997) .
Teacher expectations are often measured at the student level, whereby teachers are asked to complete surveys regarding specific students in their classroom (e.g., McKown & Weinstein, 2008) . As such, this method does not readily allow investigation of between-teacher levels of expectations where comparisons across teachers' expectations for their students can be made. One exception is Rubie-Davies (2007) , who created categories (low, average, and high) of teachers from their individual ratings of students such that teachers' expectations of students are nested within the teacher. However, this method may mask variation between teachers' expectations. If one imagines teachers' ratings of expectations for each student spanning a normal distribution, a teacher's ratings will vary about the mean. However, once these ratings are aggregated to the teacher-level, thereby calculating a teacher-level rating of expectations, differences between teacher's ratings will appear small. Furthermore, understanding differences between teachers' expectations of their students leads to questions about whether interventions can be designed to change these meanlevel expectations. This topic has not been exhaustively explored through the implementation of interventions (for exceptions see Proctor, 1984; Rubie-Davies, Peterson, Sibley, & Rosenthal, 2015; Weinstein et al., 1991) .
As an exception, Weinstein and colleagues (1991) designed an extensive intervention to change the school and classroom climate to improve low achieving ninth grade students' academic performance and behavior. Whereas one component of this intervention was to raise teachers' expectations of their students, other elements of the classroom-learning environment were also targeted, such as adapting readings from the honors English courses and using heterogeneous grouping strategies, thereby holding low achieving students to higher standards. In another example, Rubie-Davies and colleagues (2015) designed an intervention providing teachers with professional development (PD) aimed at increasing the expectations teachers had of their students. Even though the intervention was described as one focusing on teacher expectations, the PD also focused on other elements of the classroom climate such as increasing student motivation, providing useful feedback, and providing opportunities for promoting student autonomy. Therefore, the effects of the intervention on students' academic achievement could be attributed to all of these classroom dimensions. Whereas previous studies (e.g., Rubie-Davies et al., 2015; Weinstein et al., 1991) hypothesized that part of their observed academic gains were attributable to changes in teachers' classroom behaviors, the present study is the first to empirically test these hypotheses by directly measuring elements of the teacher's classroom practices and by conducting mediational analyses.
Understanding what scholars and practitioners consider as developmentally appropriate in the early years has been questioned. For example, some argue that intensive content-specific instruction in preschool can provide the basic foundational skills that can help prepare children for the academic nature of kindergarten (Ginsburg, Inoue, & Seo, 1999; Seo & Ginsburg, 2004) . Others argue that subjecting children to harsh forms of instruction and imposing material they are not ready to learn can be detrimental, forcing young children to engage in developmentally inappropriate forms of drills and practices in mathematics (Bishop-Josef & Zigler, 2011) . Young children can indeed engage in various types of mathematical activity if provided with the appropriate opportunities to do so; however, teachers often fail to provide such opportunities to their students or may believe that such practices are developmentally inappropriate (Dunn & Kontos, 1997; Hitz & Wright, 1988) . A central premise of the current study is that the developmental needs of students are met when students are held to high expectations, that is, when teachers believe students can engage in higher-level thinking. Preschool children-especially lowincome, minority children-have the potential to learn and acquire math skills and concepts (Clements, Baroody, & Sarama, 2013; Ginsburg, Lee, & Boyd, 2008) . If teachers and those who work with teachers underestimate what children already know and can learn, they will not present appropriate and challenging mathematics activities.
Teachers' Confidence and Enthusiasm
The beliefs teachers have about their teaching influence their instructional practices (Pajares, 1992; Stipek, 1998; Thompson, 1984) and, in turn, their students' achievement (Evertson, Emmer, & Brophy, 1980) . Descriptions of effective mathematics classrooms likely include a teacher who sparks joy and excitement in her students. The ability for a teacher to instruct in a confident and enthusiastic manner is thought to instill confidence and enthusiasm in students and therefore promote learning and achievement. Though confidence and enthusiasm are thought to be important dimensions of the classroom climate, these attributes are rarely measured in quantitative studies of instructional practices. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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One exception is an early study by Evertson and colleagues (1980) who conducted observations of less-and more-effective teachers as measured by student achievement on a state standardized test, and found differences in observed enthusiasm for teaching and confidence between the two groups of teachers. Another exception is a study by Stipek and colleagues (2001) , who measured teacher confidence and enthusiasm through observations and teacher self-report. They found that teacher's self-reported confidence in teaching mathematics was correlated with the students' classroom average self-confidence in mathematics. Further, they also reported that teachers' enjoyment of mathematics correlated with students' enjoyment of mathematics. Although theory would support the association between teachers' confidence and enthusiasm and student achievement (Stipek, Givvin, Salmon, & MacGyvers, 2001) , the authors are not aware of any studies directly testing this association. Evertson and colleagues (1980) only provide weak evidence of such an association as these practices were not directly correlated with student achievement, but rather were only investigated in the context measuring a subsample of teachers chosen by the researchers to examine differences between more effective and less effective teachers.
Support for Mathematical Discourse
Support for mathematical discourse has been recognized as an important practice for fostering students' mathematical learning (Hiebert, & Grouws, 2007; Huttenlocher, Vasilyeva, Waterfall, Vevea, & Hedges, 2007; NCTM, 1991) . For example, allowing students the opportunity to explain their thinking, elaborate on concepts, and generate mathematical talk, have been identified as high-level mathematical activities (Henningsen & Stein, 1997; NCTM, 1991) and these practices have effects on students' mathematical knowledge development (Walshaw & Anthony, 2008) . Such practices are thought to help students increase their understanding of mathematics by helping students better internalize mathematical content and by allowing other students to learn from hearing student-generated explanations (Chi, 2000) . Additionally, when students generate their own mathematical explanations, teachers are able to tailor their instruction to address inaccuracies in explanations or misconceptions (Franke, Fennema, & Carpenter, 1997) . However, many teachers do not talk to their students about mathematics, even when the student initiates the mathematical talk. In one study, when students made a mathematical utterance, their teachers ignored it 60% of the time and only responded mathematically 10% of the time (Diaz, 2008) .
Some scholars promote a conceptual and problem-solving approach infrequently emphasized in schools serving lowincome children (Stipek & Ryan, 1997 ) that may explicitly support African American students' participation in increasingly sophisticated forms of mathematical communication and argumentation. For example, asking students "How do you know?" as opposed to a more didactic approach of giving information [frequently used with African American students (Haberman, 1991; Jackson & Wilson, 2012; Ladson-Billings, 1997) ] may be especially beneficial for African American students.
The Present Study
Data for the current analysis were drawn from an evaluation of the "Technology-enhanced, Research-based, Instruction, Assessment, and professional Development" (TRIAD) model for scaling up successful interventions (Clements et al., 2011; Sarama et al., 2008) . This study assessed an instantiation of the TRIAD model that implemented the Building Blocks curriculum , an empirically validated preschool mathematics program based on developmentally appropriate learning trajectories (see . These learning trajectories were operationalized by a series of "developmental progressions," which identified a given topic or domain. To attain a certain mathematical competence in a given topic or domain, students are taught each successive level in a developmental progression using researchbased tasks and instructional strategies.
Building Blocks emphasizes both numeracy and spatial/geometric concepts and procedures through the use of whole and small group activities. In addition to the curriculum, the TRIAD intervention included a software package and extensive teacher support, in the form of training on the software, 13 professional development (PD) sessions before and during the school year, and study-appointed mentors and coaches. During the PD sessions, the training addressed numerous effective teaching practices, including how to increase the cognitive demand of the mathematics taught, how to use formative assessment, and how to encourage cognitive development through the use of learning trajectories (see Clements et al., 2011) . Of particular importance to this study, PD administrators also worked with treatment teachers to change their beliefs about the ability of lowincome and minority children to learn advanced mathematics.
The goal of the present study was to understand (a) which classroom dimensions were associated with African American and non-African American students' mathematics achievement, and (b) whether classroom dimensions mediated the association between the intervention and students' mathematics achievement at the end of preschool. We focused on the dichotomy of African American and non-African American students because treatment evaluations of the intervention suggest that although Hispanic students made statistically significant gains in mathematics achievement, these gains were not statistically significantly different than those of White students (Clements et al., 2011) .
A critical feature of the present study is that we were able to examine the associations of specific dimensions of the classroom (e.g., teacher expectations and developmental appropriateness, teacher confidence and enthusiasm, and high quality instructional practices) within the context of a randomized control trial. Further, we examined whether these dimensions of classroom practices were associated with later measures of student achievement.
Previous research affords the following hypotheses and predictions: We expect teacher expectations and developmental appropriateness will matter more for African American students' achievement than for non-African American students' achievement and help explain (i.e., mediate) the association between the TRIAD treatment and African American students' mathematics achievement (H1). Teacher confidence and enthusiasm will be associated with students' posttest mathematics achievement-for both African American and non-African American students-and This document is copyrighted by the American Psychological Association or one of its allied publishers.
will be a mediator of the treatment intervention on mathematics achievement (H2). However, in the absence of theory, we do not predict any differences in this association between African American and non-African American students. Finally, we predict that support for mathematical discourse will be statistically significantly associated with mathematics achievement for both groups (African American and non-African American students) but, in the absence of theory, will not differentially predict between the groups (H3). These hypotheses were tested using a multigroup multilevel mediation model conducted for each of the three mediators (teacher expectations and developmental appropriateness, teacher confidence and enthusiasm, and high quality instructional practices).
Method Participants and Procedure
Data for the current analysis were drawn from the TRIAD evaluation-a study that assessed the scale-up and student-level impacts of the TRIAD intervention model, of which a key component was the Building Blocks mathematics curriculum (see Clements et al., 2011; Clements, Sarama, Wolfe, & Spitler, 2013; Sarama, Clements, Wolfe, & Spitler, 2012) . The TRIAD evaluation recruited 42 low-resource schools in two states (New York and Massachusetts) to participate in the scale-up evaluation of Building Blocks. Schools were grouped into eight blocks based on state achievement scores, and then randomly assigned within block to one of two conditions: (a) Building Blocks curriculum condition (treatment), or (b) business-as-usual (control).
1 In the following school year (2006 -2007) , student-level data collection began, and 1,375 preschool students attending the 42 study-schools were recruited for study participation at the beginning of the school year.
The majority of students in the study qualified for free or reduced price lunch (84% of those for whom we had available data for), and 55% identified as African American and 22% as Hispanic. The analysis sample only included students who had valid baseline and posttreatment test score data (n ϭ 1,305 students), and were in classrooms that were observed on the observation protocol resulting in a final sample size of 1,238 students in 101 classrooms (approximately 70% of the students in each classroom). Twenty-nine percent of the sample was in the control group (n ϭ 350 students), and 71% of the sample was in the treatment group (n ϭ 888 students). Table 1 shows the descriptive statistics for both student-and classroom-level variables for the overall sample and by group (African American and non-African American students).
Student-Level Measures
Mathematics achievement. Children's mathematical knowledge was assessed at preschool entry (pretest) and at the end of the preschool year (posttest) using the Research-based Elementary Math Assessment (REMA; Clements, Sarama, & Liu, 2008) . The REMA was designed to assess the mathematics knowledge of children from ages three to eight, specifically students' number (e.g., object counting, number comparison, numeral recognition) and geometry (e.g., shape identification, measurement, patterning) skills, and was administered in two one-on-one sessions where a research assistant verbally asked participants to respond to each item. After the child incorrectly answered four items in a row, the assessment stopped. The assessments were videotaped and later coded by a team of trained researchers for correctness and strategy use. Using these dichotomous scores, Rasch analysis-where item difficulty is considered in estimating a child's overall score-was employed. Using data from multiple years, the scores were then placed on a vertical scale using data from students in grades preschool, kindergarten, first grade, and second grade where first grade was used as the benchmark. Final scores were scaled to have a mean of 0 and a standard deviation of 1.
The REMA has been validated across three diverse samples of preschool-aged children and produced an overall reliability of .93 (see . Further, it has been shown to have a .86 correlation with another empirically validated measure of early mathematics achievement, the Child Math Assessment: Preschool Battery (Klein, Starkey, & Wakeley, 2000) and a .74 correlation with the Woodcock-Johnson Applied Problems subtest . In the current sample, the measure had a reliability (alpha) of .92.
Student-level covariates. Information regarding student ethnicity, gender, age, and limited English proficiency status were collected from the schools at the beginning of the preschool year.
Classroom-Level Measures
Classroom observations. Live classroom observations were conducted twice during the year using the Classroom Observation of Early Mathematics Environment and Teaching (COEMET; Clements & Sarama, 2000 & Sarama, /2016 . Observation ratings from both time points (the first observation was conducted between October and December and the second observation between March and May of the school year) were combined to obtain an average rating of the classroom environment during the school year. Observers spent about half a day in each classroom from before the children arrived until right before lunch and were blind to experimental condition. The COEMET is divided into two sections. The first section asked observers to document the number of computers in the classroom and the start and end time of all activities that took place during the observation using interval coding. The second section of the COEMET included broader measures rated during each mathematics activity and contained 28 indicators measuring constructs such as supporting children's conceptual understanding, teaching strategies, and expectations. Observers coded each item on a 5-point Likert scale ranging from strongly disagree (1) to strongly agree (5). Ratings for each mathematics activity were averaged to obtain a mean score across the 28 indicators. Interrater reliability for the COEMET, computed via simultaneous classroom visits by pairs of observers (10% of all observations, with pair memberships rotated), was 88% (i.e., 88% of the 28 Likert items were coded the same by both assessors); of the 12% of disagreements, 99% were of the same polarity (i.e., if one was agree, the other was strongly agree). Coefficient alpha (interitem correlations) for the two in-struments ranged from .95 to .97 in previous research Clements et al., 2011) .
Three dimensions of classroom quality were used in the analysis: expectations and developmental appropriateness; teacher confidence and enthusiasm; and support for mathematical discourse. Information on the factor analyses, items, and standardized factor loadings is available in the supplemental materials (Tables S1  through S3 ). Correlations among factors were moderate in magnitude: r ϭ .65 between teacher confidence and enthusiasm and expectations and responsiveness to developmental needs; r ϭ .48 between teacher confidence and enthusiasm and support for mathematical discourse; r ϭ .66 between expectations and responsiveness to developmental needs and support for mathematical discourse.
Expectations and responsiveness to developmental needs. Eight items were used to describe the extent to which the teacher had high expectations for her students and whether or not the teacher engaged with children in a developmentally appropriate manner. Developmental appropriateness was operationalized by the researchers as the extent to which teachers engaged in practices that matched the developmental abilities and potential of the students. This meant that a teacher who was rated high on developmental appropriateness engaged students in higher-level thinking around mathematics and English language arts instead of engaging students in only play-based activities, with no emphasis on higher-level thinking. Standardized factor loadings ranged from .73 to .88 (␣ ϭ .94). We created a composite using items weighted by their standardized factor loadings.
Teacher confidence and enthusiasm. Three items were used to describe characteristics that were associated with how confident and enthusiastic the teacher appeared during class. Specifically, items described if the teacher was confident in her teaching, showed interest and value in her students, and displayed enthusiasm for mathematics. Standardized factor loadings ranged from .68 to .84 (␣ ϭ .82). We created a composite score using items weighted by their standardized factor loadings for the analysis.
Support for mathematical discourse. Eight items characterized the specific mathematics practices and strategies the teacher used during the observed lessons. These items captured the extent to which the teacher elicited higher-order thinking in mathematics through supporting students' explanations and thinking. Standardized factor loadings ranged from .82 to .88 (␣ ϭ .94). We created a composite using items weighted by their standardized factor loadings. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Classroom-level covariates. Classroom-level covariates came from three sources: (a) the teacher survey, (b) classroom observations, and (c) student demographic information. Study teachers were administered a survey twice during the school year, in the fall and spring of the study year. For teachers who did not respond to the fall survey (two teachers), we used their responses from the spring survey. We included information on whether the teacher held a master's degree, the number of students in the classroom, the number of years of preschool through Grade 12 teaching experience, the number of PD hours prior to the intervention, and whether the teacher assigned mathematics homework measured on a one to four Likert scale with anchor points almost never to a lot. From the classroom observations, we controlled for the number of computers in the classroom, number of minutes spent on mathematics, and the number of discrete mathematics tasks observed. Number of minutes spent on mathematics was the observed actual time of mathematics instruction from the recorded start and end times on the COEMET. The number of discrete mathematics tasks observed was obtained from the interval coding of the COEMET where observers had to start coding at the beginning of each mathematics activity.
Finally, we aggregated information from the student demographic information to include percent African American students in the classroom as well as percent of students' whose mother's education was college or higher as a proxy for classroom-level socioeconomic status (SES). Because of constraints on researcher resources, only data from approximately 70% of the students in each classroom were collected. As such, the classroom-aggregated measures serve as approximations of the average percent of African American students and average SES of the classroom. The racial/ethnic breakdown of the classroom composition varied considerably. The mean percent of African American students in a classroom was 54% ranging from classrooms with no African American students (0%) to classrooms with only African American students (100%).
Overview of Analytic Models and Method
To examine differences in mediational paths between African American and non-African American students, we conducted a multigroup multilevel meditational analysis (Asparouhov & Muthén, 2012; Retelsdorf, Schwartz, & Asbrock, 2015) . With this method, we combined a multilevel structural equation model examining mediation effects (Preacher, Zyphur, & Zhang, 2010) with multigroup analysis in Mplus 7.2 (Muthén & Muthén, 2013) . We specified a 2¡2¡1 model of mediation in which classroom observation (level 2) mediated the association between treatment (level 2) and student mathematics achievement (level 1). The equations for the direct effect (path c) of the treatment on post mathematics achievement are:
Level-1 (student-level) equation:
Level-2 (classroom-level) equation:
where (PostMath ij ) is the posttreatment measure of mathematics achievement for the ith student in school j. Posttreatment mathematics achievement is modeled as a function of an overall intercept (␥ 00 , the main effect for the treatment group (␥ c Treatment j ), a vector of level-2 covariates (␥ 2 Covariates j ), the students' baseline mathematics achievement (␤ 1 PreMath ij ), a vector of level one covariates (␥ 2 Covariates j ), and a classroom-level (u 0j ) and student-level (r ij ) error term. The equations for the effect of the mediator on posttreatment mathematics achievement (path b) are the same as above, except that a mediator component is added to the level-2 equation:
The equation for the effect of the treatment on the mediator (path a) is:
where the mediator is a function of an overall intercept (␤ 0 ), the main effect of the treatment (␤ a Treatment j ), and a classroom-level error term (r j ).
Mediation is implied if the treatment is significantly related to the mediator (classroom observation), the mediator is significantly associated with the outcome (student achievement), and the mediator accounts for a significant portion of the variance of the association of the treatment on the outcome. Further, we also specified a multiple group model whereby the effect of classroom observation (level 2) on student mathematics achievement (level 1) differed between African American and non-African American students. Because our grouping variable varied within classroom, calculating varying effects for African American and non-African American students cannot be directly specified because the estimated variance/covariance matrix for the observed variables will be group-specific (i.e., classroom specific). However, the effect of the classroom observation on mathematics achievement is correlated between racial/ethnic groups because these students are in the same classroom, but the effect need not be the same for both ethnicities.
To circumvent this within the multilevel structural equation framework, we used a method proposed by Asparouhov and Muthén (2012) where latent variables are introduced in the model to account for the covariance between the group specific classroom effects (please refer to the supplemental materials for our Mplus code). Specifically, known latent classes using race (African American and non-African American) were specified in the model such that separate effects for African American and non-African American students are estimated. In the between portion of the model where level 2 effects are specified, two latent variables (our known latent classes) are introduced to represent the between level random effects for e non-African American and e African American . The math outcome was specified to have a zero residual variance structure as well as loadings equal to one in both groups. The random effects were correlated within classroom to account for nesting. This results in a model where the outcome (posttreatment mathematics achievement) was represented by e non-African American and e African American . A Wald test was used to examine differences This document is copyrighted by the American Psychological Association or one of its allied publishers.
in the b paths (path between classroom dimension and math achievement) between the two groups. To estimate the indirect effects and report a statistical test for mediation, we used a parametric bootstrap method (Efron & Tibshirani, 1986) in which the parameter point estimates for the indirect effect are generated from random draws of the parameter distributions for the a and b paths of the mediation model. This method has advantages over the Sobel test in that the distribution of the indirect effect is not assumed to be normally distributed (Preacher et al., 2010) . To estimate the parametric bootstrap, we used a Web-based tool to generate R code developed by Selig and Preacher (2008) specifying a confidence interval of 95% and 20,000 random draws. The p values for the average indirect effects were then calculated directly in R and reported. In total, three models were run-one for each mediator.
Results
We first present results from the correlations among the variables of interest, which are displayed in Table 2 . We then discuss results from each of the mediation models with the three classroom observation variables for non-African American and African American groups. These are displayed as figures (Figures 1  through 3 ) depicting path diagrams as well as in table form (Tables  3 through 5) . We have also included information on the same mediation models comparing White students with Hispanic students (n ϭ 488) to further justify why we collapsed these two racial/ethnic groups into the non-African American group. These results are described at the end of each of the mediator sections, and full tables can be found in the supplemental materials (Tables  S4 through S6 ). Wald tests were only performed if the path from the classroom dimension to students' mathematics achievement was statistically significant for at least one of the groups.
Baseline mathematics achievement and posttreatment mathematics achievement were highly correlated, r ϭ .57, p Ͻ .001. Across the whole sample, teacher confidence and enthusiasm was statistically significantly correlated with post mathematics achievement (r ϭ .18, p Ͻ .001), as was expectations and responsiveness to developmental needs (r ϭ .09, p Ͻ .01), but, support for mathematical discourse and posttest mathematics achievement were not significantly correlated, r ϭ Ϫ.03, p ϭ .29.
Number of computers in the classroom (recall that the Building Blocks intervention included software) was statistically significantly correlated with teacher confidence and enthusiasm and expectations and responsiveness to developmental needs (r ϭ .22, p Ͻ .001; r ϭ .14, p Ͻ .001, respectively) but not with support for mathematical discourse, r ϭ Ϫ.02, p ϭ .48. Number of mathematics activities was also significantly correlated with teacher confidence and enthusiasm and expectations and responsiveness to developmental needs (r ϭ .31, p Ͻ .001; r ϭ .11, p Ͻ .001, respectively) but significantly negatively correlated with support for mathematical discourse, r ϭ Ϫ.26, p Ͻ .001. Whether the teacher assigned mathematics homework was significantly negatively correlated with all three classroom-observation variables (r ϭ Ϫ.08, p Ͻ .01; r ϭ Ϫ.10, p Ͻ .001; r ϭ Ϫ.28, p Ͻ .001; for teacher confidence and enthusiasm, expectations and responsiveness to developmental needs, and support for mathematical discourse, respectively).
Mediator 1: Expectations and Responsiveness to Developmental Needs
Figure 1 displays the path diagram for the first mediator: expectations and responsiveness to developmental needs. The treatment had a positive impact on teacher expectations (b ϭ 0.10, p ϭ .05). For non-African American students the path from expectations and responsiveness to developmental needs to post mathematics achievement was not statistically significantly different from zero (b ϭ Ϫ0.08, p ϭ .57) and there was no mediation (b ϭ Ϫ0.01, p ϭ .33, 95% CI [Ϫ.05, .02]). For African American students, expectations and responsiveness to developmental needs was significantly associated with post mathematics achievement (b ϭ 0.54, p Ͻ .001). However, the parametric bootstrap test for mediation only approached statistical significance (b ϭ 0.05, p ϭ .07, 95% CI [0.002, 0.12]). These findings suggest that African American students especially benefited from teacher expectations and responsiveness to developmental needs.
A Wald test comparing the point estimates of the path from expectations and responsiveness to developmental needs of the two groups (African American and non-African American students) was statistically significant (p Ͻ .001). The coefficients, standard errors, p values, and 95% confidence intervals for the full list of variables are displayed in Table 3 .
In the model comparing White and Hispanic students (488 students in 88 classrooms), the treatment did not quite have a significant impact on teacher expectations (b ϭ .09 p ϭ .06). For Hispanic students, the path from expectations and responsiveness to developmental needs to post mathematics achievement was not significantly different from zero (b ϭ Ϫ0.21, p ϭ .33). For White students, expectations and responsiveness to developmental needs was not significantly associated with post mathematics achievement (b ϭ 0.03, p ϭ .93). The parametric bootstrap test for mediation was not statistically significant for either group. The full table (Table S1 ) of results is displayed in the supplemental materials.
Mediator 2: Teacher Confidence and Enthusiasm
Figure 2 displays the path diagram for the second mediator: teacher confidence and enthusiasm. Teachers in the treatment group on average were rated 0.25 points higher (p ϭ .001) on teacher confidence and enthusiasm than teachers in the control group.
For non-African American students, the path from teacher confidence and enthusiasm to post mathematics achievement was not significantly different from zero (b ϭ 0.14, p ϭ .12). The parametric bootstrap test indicated no statistically significant mediation for non-African American students (b ϭ 0.04, p ϭ .10, 95% CI [0.0003, 0.08]). For African American students, teacher confidence and enthusiasm was statistically significantly associated with posttreatment mathematics achievement (b ϭ 0.25, p ϭ .001) such that a one-unit increase in observed teacher confidence and enthusiasm yielded a predicted 0.25 unit increase in their posttreatment mathematics scores. The parametric bootstrap test indicated partial mediation for African American students (b ϭ 0.06, p ϭ .03, 95% CI [0.01, 0.13]). This implies that part of the effects of the treatment were through increasing teacher's confidence and enthusiasm for teaching. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Although we found evidence of partial mediation for African American students but not for non-African American students, a Wald test comparing the point estimates of the path from teacher confidence and enthusiasm to post mathematics achievement was not statistically significant (p ϭ .28). It should be noted that the confidence interval for the point estimate for the non-African American group includes the point estimate from the African American group suggesting that the effects for the two groups might not actually differ. As such, we suggest that limited evidence supports the conclusion that teacher confidence and enthusiasm differentially influenced African American students' mathematics achievement. The coefficients, standard errors, p values, and 95% confidence intervals for the full list of variables are displayed in Table 4 .
In the model comparing White and Hispanic students (488 students in 88 classrooms), the treatment had a positive impact on teacher confidence (b ϭ .20, p ϭ .02). For Hispanic students the path from teacher confidence to post mathematics achievement was not statistically significantly different from zero (b ϭ 0.06, p ϭ .68). For White students, teacher confidence was also not statistically significantly associated with post mathematics achievement (b ϭ 0.19, p ϭ .12). The parametric bootstrap test was not statistically significant for either group. The full table (Table S2) of results is displayed in the supplemental materials. Figure 3 displays the path diagram for the third mediator: support for mathematical discourse. Teachers in the treatment group on average were rated 0.22 points higher (p ϭ .01) on support for mathematical discourse than teachers in the control group.
Mediator 3: Support for Mathematical Discourse
The path from support for mathematical discourse to posttreatment mathematics achievement was not statistically significant for both groups (b ϭ Ϫ0.11, p ϭ .24; b ϭ 0.16, p ϭ .13, for non-African American and African American students, respectively). As such, the parametric bootstrap test was not statistically significant for either group (b ϭ Ϫ0.02, p ϭ .46, 95% CI [Ϫ0.08, 0.02]; b ϭ 0.03, p ϭ .22, 95% CI [Ϫ0.01, 0.10], for non-African American and African American students, respectively). The coefficients, standard errors, p values, and 95% confidence intervals for the full list of variables are displayed in Table 5 .
In the model comparing White and Hispanic students (488 students in 88 classrooms), the treatment had a positive impact on support for mathematical discourse (b ϭ .21, p ϭ .02). For Hispanic students, the path from mathematical discourse to post Figure 1 . Multigroup multilevel mediation for expectations and responsiveness to developmental needs. Unstandardized regression coefficients at the between-level are shown. Wald test was statistically significant. Results from the parametric bootstrap test for mediation for the African American group suggest partial mediation approaching statistical significance. Tx ϭ treatment; F1 ϭ expectations and responsiveness to developmental needs.
Figure 2. Multigroup multilevel mediation for teacher confidence and enthusiasm. Unstandardized regression coefficients at the between-level are shown. Wald test was not statistically significant. Results from the parametric bootstrap test for mediation suggest partial mediation for African American students but no mediation for non-African American students. Tx ϭ treatment; F2 ϭ teacher confidence and enthusiasm. 
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. mathematics achievement was not statistically different from zero (b ϭ Ϫ0.22, p ϭ .11). For White students, support for mathematical discourse was also not significantly associated with post mathematics achievement (b ϭ Ϫ0.02, p ϭ .86). The parametric bootstrap test for mediation was not statistically significant for both groups. The full table (Table S3) of results is displayed in the supplemental materials.
Discussion
This study evaluated the differential effects of three instructional practices on African American students' achievement in the context of a randomized control trial of preschool classrooms. Specifically, we found that, on average, African American students benefited more from certain instructional practices (teacher expectations and responsiveness to developmental needs) than non-African American students and that teacher expectations and responsiveness to developmental needs only approached significance for the partially mediated effect of the intervention on African American students' mathematics achievement. No support was found for the effect of support for mathematical discourse on student achievement for either group.
In this study, we compared African American students with non-African American students such that White and Hispanic students were included in the former category. This decision was further justified when we replicated our analyses and restricted the sample to just those two groups and found no statistically significant differences between the groups. In recent years, Hispanic and African American children have shown different achievement trajectories relative to White students (National Center for Education Statistics, 2013; Reardon, Robinson-Cimpian, & Weathers, 2015;  for an exception see Rumberger & Palardy, 2005) . Whereas White-African American achievement gaps increase during the first six years of schooling in both math and reading, WhiteHispanic gaps decrease during this period (Fryer & Levitt, 2004 Hemphill & Vanneman, 2011; Reardon & Galindo, 2006; Reardon & Robinson, 2008) . Our findings are consistent with Bodovski and Farkas (2007) and Bottia and colleagues (2014) who reported modest reductions in the achievement gap between African American and White students in kindergarten as a result of certain instructional practices, but no reductions in the achievement gap between Whites and Hispanics. For example, instruction that focuses on developmentally appropriate but higher-level thinking has been shown to have a positive impact on African American but not Hispanic children's mathematics performance (Bodovski & Farkas, 2007) . It is unclear from the empirical and theoretical literature why African American and Hispanic children responded differentially to the classroom environment. Theory Note. Unstandardized coefficients are reported. PD ϭ professional development; SES ϭ socioeconomic status; SE ϭ standard error; CI ϭ confidence interval; LEP ϭ limited English proficient. Expectations is expectations and responsiveness to developmental needs. PD hours is number of PD hours before the intervention.
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from García Coll and colleagues (1996) suggests that children of different racial/ethnic groups hold differing cultural values, experiences of prejudice, and family values, which may all be factors in children's perceptions of and participation in the learning environment. This issue is still not well understood and future research is needed to better understand how racial/ethnic background influences students' experiences of the learning environment. It should be noted that in the present study, we only examined three teacher practices and it is quite possible that an examination of other classroom dimensions would yield instances where Hispanic students respond differentially to the classroom environment than White students. A contribution of this study is that we address a limitation of previous studies investigating racial/ethnic differences in responses to the classroom (e.g., Bodovski & Farkas, 2007; Bottia et al., 2014; Sonnenschein & Galindo, 2015) . Specifically, we were able to directly investigate within-classroom variation in responsiveness to instructional practices rather than relying on a dataset that was collected at the student-level. A student-level dataset is problematic because observations or teacher reports of the same instructional practices were not collected and it could not be investigated whether students, within the same classroom, differentially benefit from certain instructional practices. It may suggest that other confounding factors such as access to quality classrooms or the actual classroom environment children experience may influence the interpretation of previous studies. Additionally, instructional practices in previous studies (e.g., Bodovski & Farkas, 2007; Bottia et al., 2014; Sonnenschein & Galindo, 2015) were measured using teacher reports, which may have limited reliability.
Teacher Expectations and Developmental Appropriateness
Findings from our study extend the research on teacher expectations and student achievement in the following ways: (a) observed teacher expectations can be modified through professional development implemented as part of a mathematics intervention, (b) teacher expectations differentially influence mathematics achievement for African American students, and (c) teacher expectations significantly influence students' mathematics achievement in young students (mean age 4.34 years) supporting earlier work suggesting the importance of early expectations (Alvidrez & Weinstein, 1999) . In support of theory on teacher expectancy beliefs, the effects we found in our sample of preschool students may have been strongest during that year because teachers had little prior contact with children, the teacher was integral in conveying the mathematics knowledge to students, and the mathematics content was novel (West & Anderson, 1976) . It may be that African American students respond positively to these kinds of teacher practices and behaviors because these practices and beliefs have been found to be absent from environments (school, home, or otherwise) where large numbers of African Americans participate (Oakes, 1990) . Theoretical work on African American students' This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
mathematics learning also suggests the expectations teachers have for these students are important (Ladson-Billings, 1997) . It may also be that African American students are typically not exposed to environments where individuals have high expectations of them (Ferguson, 2000; Lopez, 2002) . However, most of the research suggesting teacher expectations are especially important for African American students is usually qualitative in nature and does not compare the effects of teacher expectations on achievement across different racial/ethnic groups. The present study provided empirical support for this assertion but cannot answer why. More research using student and teacher interviews could shed light on this question. The expectations teachers have of their students may be an indicator of overall classroom quality. For example, Rubie-Davies (2007) found statistically significant differences in observed practices of teachers who were low, average, and high in their expectations of students. Teachers in the high expectations group were observed to provide more feedback to their students, engage in more higher-order questioning, and were rated higher in managing student behavior. In the present study, we found evidence of this in the large and statistically significant correlations among the three classroom dimensions we measured. These findings suggest that efforts to improve teachers' instructional practices could also include professional development opportunities aimed at changing teacher's expectations of their students and can even be implemented at the same time as interventions focused on improving mathematics achievement. This integrated view of mathematics whereby improvement of elements of mathematics instruction and the classroom climate is supported in the NCTM standards (NCTM, 2000) . Additionally, we note that it is important to consider multiple dimensions of the classroom-learning environment as only looking at teacher expectancy effects could mask our understanding of other important dimensions.
Teacher Confidence and Enthusiasm
The intervention significantly increased the observed teacher confidence and enthusiasm of teachers in the treatment condition. This is not surprising given that the intervention was mathematicsspecific and provided treatment teachers with ample support to teach mathematics through the Building Blocks curriculum. Additionally, we found some support that teacher confidence and enthusiasm differentially partially mediated the effect of the intervention on African American students' mathematics achievement but not non-African American students' achievement. Even though we found a statistically significant association between observer's ratings of teacher confidence and enthusiasm and African American students' mathematics achievement, a Wald test comparing the coefficients between the two groups was not statistically significant, suggesting that there may not actually be a statistically significant association between teacher confidence and enthusiasm and African American students' mathematics achievement. We caution readers from over interpreting these findings and instead suggest that future research replicate this finding. Previous This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
research does, however, suggest that teachers' mathematical knowledge for teaching is associated with gains in student achievement over time (Hill, Rowan, & Ball, 2005) and that mathematical knowledge for teaching could be related to how confidently and enthusiastically a teacher teaches.
Support for Mathematical Discourse
Although we found that the intervention significantly increased teacher's observed support for mathematical discourse, we did not find that this dimension was significantly associated with students' posttreatment mathematics achievement. This was surprising and stands in contrast to theory suggesting the importance of support for mathematical discourse and students' mathematics achievement (e.g., Chi, 2000) . In the present study, it may be that support for the mathematical discourse dimension did not have an additional effect on students' achievement above and beyond the elements that were already present in the intervention, such as the use and quality of the Building Blocks software. Additionally, the age of the students in our sample may be too young to benefit from high quality support for mathematical discourse. Because observations were conducted of the teacher's support for mathematical discourse, it is unclear if the preschool students in our sample actually took up this practice and benefited from it.
Limitations and Future Directions
We note several limitations of this work. Unfortunately, we did not have information about the teacher's ethnicity and therefore could not investigate effects based on teacher and student ethnicity match. Conflicting evidence for the importance of teacher-child ethnicity match exists on outcomes such as achievement and school behavioral adjustment. For example, Ewing and Taylor (2009) did not find that teacher-child ethnicity match moderated the association between relationship quality and behavioral adjustment. However, Saft and Pianta (2001) found that teacher-child ethnicity match was related to teacher's expectations of the child. It was not possible for us to examine teacher and student ethnicity match with our data, but it should be a direction for future research.
The design of the present study prevents us from teasing apart what particular aspects of the intervention led to the differential improvements in student performance. It remains unclear whether this might be attributable to the additional support teachers received during the professional development sessions or the novel attention the research team paid to the teachers. A useful direction for future research would be to test the relative effectiveness of each of the intervention components separately in the form of a treatment "dismantling approach" in which only certain components of mathematics interventions already known to be effective are retained. Further, it is important to note that a unique advantage of our study is that we were able to show that teachers' instructional behaviors, such as holding high expectations for all students, can be changed within the context of a mathematics intervention. Future studies should also consider including a second type of intervention, such as a literacy or socioemotional curriculum, to compare the effects of teachers' general participation in the intervention to the Building Blocks intervention.
In considering why many of the proposed classroom mediators were nonsignificant, it could be that other unmeasured characteristics of the classroom were stronger mediators of the intervention for African American students. Another speculation is that whereas classroom environments help support the learning and achievement of students, it is really students' participation in those environments that influences their subsequent achievement (e.g., Ing et al., 2014; Ruzek et al., 2016; Skinner & Belmont, 1993) . Ing and colleagues (2014) , for example, coded video observations of elementary school mathematics classrooms for the quality of students' engagement the classroom. The authors coded for the level of detail students gave in their explanations as well as the quality of students' engagement and found that the quality of students' engagement related to gains in standardized mathematics achievement. Though these analyses are time and researcher intensive, future research should consider incorporating measures of student engagement-whether through observations or self-report-in understanding the relation between instructional characteristics and student achievement.
We examined the importance of classroom learning environments for students' development of mathematics skills; however, we were unable to examine whether sustained high-quality instruction, and in the case of the present study, sustained teacher expectations could aid in closing the achievement gap between African American students and other groups. A possible fruitful area of future research could be to examine the same associations we investigated in this paper but include more information on the learning environments students are subsequently exposed to. Looking at sustained high-quality instruction could help us understand whether these differential effects of the classroom environment remain even in cases where African American students have had teachers with high levels of confidence and enthusiasm or high expectations for them. Earlier work documenting the middle school and high school transition (Hirsch & Rapkin, 1987; Midgley, Feldlaufer, & Eccles, 1989; Wigfield, Eccles, Mac Iver, Reuman, & Midgley, 1991) has found that continuity in students' experiences mattered for their outcomes. For example, Midgley and colleagues (1989) looked at students' transition from elementary school to junior high and found that students who had rated their teacher as low on support in elementary school but went into classrooms where they rated their teacher as high in support experienced higher intrinsic motivation than students who had initially highly supportive teachers and transitioned into classrooms where they were low in support. This would also help us understand possible reasons for the fadeout effect in educational interventions. Will students who are continually in high-quality classrooms sustain gains that are not found in interventions that only last one year? Rubie-Davies and colleagues (2014) investigated the cumulative effects of teachers from kindergarten to fourth grade on students' fourth grade academic achievement and found that the higher the teacher's expectations were relative to the student's actual ability, the higher the student's achievement in fourth grade. Conversely, the lower the teachers' expectations were over time, the lower the student achieved at the end of fourth grade. In understanding students' continuity of classroom experiences, information on the cumulative effects of classroom environments could be better explored.
Conclusion
Taken together, our findings suggest that specific dimensions of the classroom environment differentially influenced African American students' mathematics learning. Specifically, teacher expectations and developmental appropriateness increased the achievement of African This document is copyrighted by the American Psychological Association or one of its allied publishers.
American students. Additionally, we found that a carefully designed and well-implemented preschool mathematics intervention changed multiple dimensions of the classroom environment. If classroom interventions are likely to help close important race-based achievement gaps, then targeting classroom processes, such as teacher expectations, might prove fruitful in making progress toward this goal.
Findings from this study can help researchers and practitioners understand the ways in which the organization of classroom learning environments might be structured more suitably to leverage and support the positive mathematics learning experiences of students who stand to benefit from it the most.
